To help students develop successful strategies for learning how to learn and communicate complex information in cell biology, we developed a quarter-long cell biology class based on team projects. Each team researches a particular human disease and presents information about the cellular structure or process affected by the disease, the cellular and molecular biology of the disease, and recent research focused on understanding the cellular mechanisms of the disease process. To support effective teamwork and to help students develop collaboration skills useful for their future careers, we provide training in working in small groups. A final poster presentation, held in a public forum, summarizes what students have learned throughout the quarter. Although student satisfaction with the course is similar to that of standard lecture-based classes, a project-based class offers unique benefits to both the student and the instructor.
INTRODUCTION
A major challenge in teaching and learning cell biology is the enormous and continually expanding information base in our discipline. In just the year 2001, the National Libraries of Medicine PubMed database listed 136,775 articles with the word cell in their title or abstract. Nearly 6,300 articles published in 2001 contain the phrase "cell biology" or "cellular biology." This increasing wealth of information makes designing a series of courses that "covers" all aspects of cell biology virtually impossible during the 4-5 yr that an undergraduate student spends at the university. The challenge is even more acute for universities such as the University of Washington, where most students take a single 10-week class in cell biology without any required laboratory section.
Students at the University of Washington can obtain Bachelor of Science degrees in cellular and molecular biology, ecology, evolution, and conservation biology, botany, zoology, neurobiology, microbiology, or biochemistry. Several cell biology courses are offered, including an introductory class (Introduction to Molecular Cell Biology, Biology 355) and two DOI: 10 .1187/cbe.02-03-0006 ‡ Corresponding author. E-mail address: wrightr@u.washington. edu.
upper-division courses (Cell Biology, Biology 401; Molecular and Cellular Biology of Plants, Botany 428). None of these classes is required for completion of any of the biological sciences majors, but the 400-level cell biology courses are electives for all the degree programs. In addition, many cellular and molecular biology majors choose to take Biology 401 and a two-quarter biochemistry series in lieu of three quarters of biochemistry. (A significant overlap exists between the content of Biology 401 and the third quarter of a yearlong biochemistry series, Biochemistry 442.) About 75% of the molecular and cellular biology majors take Biology 401 during their undergraduate education at the University of Washington. Students entering Biology 401 have taken 1 yr of general biology, which includes approximately 15 weeks of instruction in cell biology, genetics, and physiology. Students also must have completed at least two quarters of organic chemistry and either introductory cell biology or an upperdivision class in genetics, physiology, or biochemistry. Thus, students enter Biology 401 with considerable experience in traditional, content-driven courses that cover material relevant to cell biology.
Biology 401 is a 5-credit course, representing approximately one-third of an average student's 15-credit-hour-per-quarter course load. The traditional, lecture-based course meets four times each week in three 50-min lectures and one 2-h, teaching assistant (TA)-led discussion section during which students analyze portions of research papers (see http://www. washington.edu/students/icd/S/biology/401mbhille.html). Assessment of student performance is based on writing assignments, exams, and discussion-section participation. This traditional course design emphasizes learning key areas of cell biology content, as well as experimental methodology and analysis. Student evaluations at the end of the class indicate that they are well satisfied with the course (see http:// www.google.com/u/washington ? q=biol +401& hq=inurl%3 Awww.washington.edu%2Fcec).
After several years of teaching a traditional version of the upper-division cell biology course, I became concerned that students were not learning how to learn cell biology. My emphasis on content encouraged them to learn a lot of facts and figures but did not foster a true mastery of the skills that would be important for life after college, much less for graduate school or for professional careers in teaching or biomedical fields. As a result, I designed a new course that replaced essentially all faculty-delivered lectures with student-led team projects on the cellular and molecular biology of specific human diseases. This course redesign has proven to be successful in helping students learn how to navigate the complexity and volume of knowledge in cell biology, as well as to gain insight and appreciation for cell biology research. In addition, because I have much more substantive interactions with my students, the course has renewed my own delight in and commitment to teaching.
LOGISTICS OF THE PROJECT-BASED CELL BIOLOGY COURSE

General Course Format
As shown in the syllabus (see Appendix A), the revised class meets three times per week for 2 h. The 2-h class period is important for providing a sufficiently large block of time for students to make progress on their projects and helps in scheduling team presentations. After experimenting with other daily schedules, I determined that holding class meetings on three consecutive days (e.g., Tuesdays, Wednesdays, and Thursdays) is ideal. This schedule usually eliminates missed class periods because of holidays, and the clustering helps students schedule their work hours and other commitments. This schedule also provides research-active instructors with larger blocks of time to focus on their own research.
The class period is used for occasional lectures, classwide discussions, team meetings, team project presentations, and evaluation reviews. The occasional lectures are given as the need arises to share information with the entire class. For example, I usually give a 20-min sample talk on a novel disease to serve as an example for the second presentation. In addition, I often give an informal lecture on broadly relevant research methods such as immunoblotting and cloning techniques. We also discuss effective writing strategies, slide design, and ways to make an effective poster, using examples from my lab and from previous classes. However, on most days no formal presentation is scheduled. Instead, students are allowed to leave the classroom as necessary to work on computers or in the library. The instructor and a graduate TA are available in the classroom to discuss any issue related to content, experiments, presentation skills, or writing. The instructor and the TA also frequently go to the nearby computer facility to discuss the project as students work. Project presentations occur during the 2nd, 5th, 9th, and 10th weeks of class.
Students are required to purchase an appropriate cell biology textbook, such as Molecular Biology of the Cell (Alberts et al., 2002) . The class is also given a list of the key cell biology research and review journals that are likely to be most useful in this class. Each team, in consultation with the instructor, identifies and assigns to the rest of the class appropriate textbook readings concerning their topic. For the second and third presentations, students are given instructor-chosen review articles and primary research articles as foundations on which to base their research and presentations. Students obtain from the library and the Internet additional information that is necessary to complete their projects. In early classes, a course web site was maintained that featured instructorchosen information resources. However, this practice was discontinued because most of our current students are extremely skillful in doing Internet searches and did not find the class web site particularly useful. In addition, this resource did not promote the student's responsibility for and skill in obtaining and evaluating resources. Thus, instead of providing our own lists of relevant resources, we devote considerable class time to discussion of information literacy issues, including how to evaluate a potential source's reliability, and students are expected to find additional information on their own.
Projects
Four to five students work together as a team to research, prepare, and present both oral and written reports concerning the cell biology of a particular human disease. Depending on student input, the teams either focus on the same disease throughout the quarter or switch midway through the quarter. Student preferences are usually about equal on the matter of maintaining versus switching topics, and they realize the breadth versus depth trade-offs inherent in this decision.
The overall course is divided into four segments. The first three are punctuated with a paper and an oral presentation: the first segment focuses on the organelle or cellular process affected by the disease; the second segment deals with the cellular and molecular biology of the disease; the third segment focuses on recent research, with topics ranging from disease pathology to development of therapies to use of model organisms. The final segment is a poster presentation that allows students to bring all the information together into a coherent whole and serves as an impressively visible metric of how far they have come in their understanding and mastery of complicated information. The logic of this progression from simple to complex mirrors how most researchers, as experienced learners, approach new material. When confronted with a need to learn something completely new, we often begin with textbooks, move into review articles, and finally dig into the primary research.
Team Evaluation
At the beginning of each project segment, students receive an evaluation checklist that also serves as the grading standard for that project (see Appendixes B-D and Table 1 ). Separate grades are given for the oral presentation and the paper. Evaluation of the work is explained in detail in a conference with 
Individual Evaluation
Full credit is earned by all team members who adequately contribute to the team project. The paper contains information about each student's individual contributions, including which student was the primary author of each section. In addition, the team maintains a project log that details each team meeting, who was in attendance, and what was accomplished (Table 2) . Finally, each team member completes a confidential evaluation of the contributions of all other team members (Table 3 ). This information is typed up by the instructor to provide individual feedback (see Appendix A, Section X, for examples). By examining individual evaluations, the project log, the paper, and the individual portion of the presentation, the instructor can accurately evaluate whether each team member deserves full participation credit. Initially, I was concerned about achieving fairness and accuracy in assigning appropriate grades to individuals that reflected both the quality of the group's work and an individual's contribution to that work. However, this system of checks and balances, together with the detailed conference with the team after each class segment, enables a substantive evaluation of student performance that is of potentially higher quality than that possible with traditional written exams. For example, the written documentation about the team process (log, individual evaluations, etc.) flags problems with equality of effort. These problems are discussed in the team conference, and members who did not contribute equally are given a decreased portion of the points earned. For instance, during the conference I may suggest that a particular individual appears to have contributed only 80% as much effort as that of the other team members. Often, the individual and his or her teammates admit the accuracy of the evaluation, and I assign the individual 80% of the total points earned by the team. Alternatively, the team members may explain the individual's contributions more accurately and that person earns full credit. Thus far, none of the end-of-quarter evaluations have revealed a concern by students that someone received a grade that he or she did not earn, which affirms that my assessment of an individual's grade is perceived to be fair and accurate.
Feedback
In the week following a presentation, the instructor meets with each team to review the grading, highlight the positive aspects of the presentation and paper, and point out areas for improvement. Each student receives a written synopsis of this critique, together with a typewritten summary of colleagues' evaluations of their contributions (see Appendix A).
Broadening of Learning and Individual Accountability
The philosophy of this class emphasizes group responsibility in contrast to that of the individual. Because the nature of modern biology also emphasizes group responsibility, as evidenced by the primacy of multiauthored papers, this emphasis is a valid representation of the current status of the cell biology discipline. However, as a way to encourage and evaluate each student's individual mastery of his or her topic as well as the topics of the other teams, one or two take-home exams or individual projects are assigned during the quarter. These exams or projects provide opportunities to promote greater breadth of learning and emphasize the importance of learning from one another. A sample assignment is to prepare a paper that compares and contrasts the molecular mechanisms of each disease presented in class.
Class Size
The size of the class is limited by the number of student presentations that can be effectively given within two class periods. The second and third presentations (cellular and molecular biology of the disease and recent research) require 30-min time slots: 20 min for the talk, 5-8 min for questions, and a few minutes to change to the next team. Consequently, a single class section that meets in 2-h blocks can include as many as 40 students (eight teams of 5 students). A class with more than 40 students would need to be broken into multiple sections, each with 40 or fewer students. The major factor determining the smallest class size for a team-based approach is the need to have a sufficient number of projects so that students are exposed to a breadth and variety of cell biological information. I estimate that a minimum of six projects is required to meet this breadth goal. Thus, the smallest class size that would function well in this team-based framework would be 18 (six teams of 3 students). In my experience, smaller groups do not function as effectively in building teamwork skills. However, if the teamwork aspect of the course is not a priority, the class could contain as few as 6 students, each working independently. 00 The group met in the computer lab after the presentations to assign the members parts to revise the organelle paper. Rob and Jim worked on addressing the comments on the latter half of the paper while Pearl and Katy worked on the first half. Sally had begun to design the template for the next presentation. Before we left, the group agreed on finishing the assigned revisions and will send them to Sally for final editing over the weekend. 7/23, 5:00-6:00 Katy and Sally met in Hitchcock Hall to work on the last of the editing for the final version of the paper. 7/24, 8:30-10:40 After hearing the short session on several biology research methods from Robin, the group decided to present the immunoprecipitation and immunofluorescence data from the research paper. The group went to the computer lab to do additional research on these methods. Pearl talked to Robin about the experiments presented in the paper. The group met in the computer lab again to work on the slides. Jim came with images and a diagram for the slides. Pearl gave her ideas and opinions on the poster to Sally, who had most of the poster finished. Sally left a little after noon for her class and the group decided to meet on Friday (8/3) at 10 am in the Odegaard Library. Jim said he might not show up for that session. Robin will be gone until Tuesday for a family emergency. The group agrees to work with him via e-mail to complete the project.
8/3, 10:00-12:30 Pearl, Sally, and Katy met in the Odegaard Library to tweak the poster and slides, as well as prepare for the actual presentation. Jim came in at 11:30 to work on his part of the presentation. Jim agreed to type the project log and to submit the poster file to the print shop so it will be printed by Monday. The group discussed plans for revision of the previous paper.
a Student names have been changed to protect privacy. How fully did this team member participate in planning and carrying out the projects?
How valuable were this team member's contributions to the success of the projects?
Assume that the amount of time you spent on the project is 100%. What proportion of effort did this individual put into the poster presentation relative to the amount of effort you put in?
If this person worked HARDER than you did, he or she will have a score that is gr eater than 100. For example, if he or she worked twice as hard as you, he or she will have a score of 200.
If this person did NOT work as hard as you did, he or she will have a score that is less than 100. For example, if he or she worked 1 / 2 as hard as you, he or she will have a score of 50. Do you have any helpful suggestions, rants, or raves that you want me to pass on to this person? (I will type them out so your handwriting won't be recognized.)
SELECTION OF DISEASES FOR THE PROJECT-BASED CELL BIOLOGY COURSE
Two major criteria drive the choice of a particular disease for inclusion as a topic for learning cell biology. First, a recent research paper concerning a cell biologically relevant aspect of the disease must be available. Consequently, selection of the specific diseases to use in a particular quarter begins with searches for one to three recent research papers that use a variety of experimental approaches relevant to cell biology. The second criterion for choosing a particular disease is to provide a balance of topics so that the class will be introduced to a broad spectrum of cell biological subjects. For example, I typically try to select a spectrum of diseases that, when considered together, represent most major organelles within eukaryotic cells.
Although partial understanding of the underlying pathology of most of the selected diseases is not essential, it is helpful. A balance of "we don't yet know" opportunities along with diseases whose molecular bases have been well deciphered seems to work best for the class as a whole. Appendix E lists the diseases that were chosen during the past 2 yr, along with references to assigned review and research papers.
PROMOTION OF EFFECTIVE TEAMWORK
The Challenge of Change
Probably the most frightening aspect of switching from lecture-based teaching to a project-based class is the challenge of making sure that teams work together effectively. Devoting most class periods to teamwork helps, because scheduling a time at which all team members can meet outside scheduled class periods is frequently impossible. However, simply having time to work together does not ensure that individuals within a team can actually work together effectively. To this end, the initial organizing of teams on the first day of class represents a critical nexus on which the success of the entire class rests. We devote most of the first 2-h class period to dividing students into teams and discussing how to work well in groups. Use of a "guild system," as developed by Dr. James Boggs, has proven extremely effective for promoting effective teamwork and setting the stage for students to learn how to interact cooperatively. Additional suggestions for effective team building in undergraduate biology classes are given by Allen and Duch (1998) .
The Guild Concept
Before establishing teams, we divide the class into groups, or "guilds," on the basis of each student's perception of his or her individual strengths. Four guilds seem to work well in building teams: 1) an administrator guild that organizes team efforts, 2) an artist guild that helps the team think creatively, 3) a communicator guild that facilitates interpersonal interactions among team members, and 4) an expeditor guild that steps in and performs functions as needed. After guilds are established, project teams are formed with individuals who represent each guild. Typically, each team includes only one individual from the administrative guild, but it can have multiple representatives from any of the other guilds.
The First Day of Class
After reviewing the syllabus, grading criteria, adds and drops, and other straightforward logistical issues related to the class, we begin by having each person tell us a positive adjective that describes one of his or her major strengths or "gifts." One way to help students think about this adjective is to ask them to tell us how their friends would describe them. After a few minutes, the instructor asks each student to share this adjective or phrase with the rest of the class.
One by one, each student gives a descriptive adjective, which the instructor writes on the board without comment so that the adjectives are grouped into appropriate sets. For example, "organized" would be written on an unlabeled section of the board reserved for people who will become members of the administrator guild. "Creative" would be written on the area of the board reserved for the artist guild. "Flexible" would be written on an area of the board reserved for the expeditor guild. "Friendly" would be written on an area of the board reserved for the communicator guild. Characteristics appropriate for each guild are listed in Table 4 . The instructor keeps tabs on only the administrator guild types and works to ensure that the number of administrators equals the eventual number of teams. If enough administrators have been found, the instructor asks the student to provide a second adjective and writes that word instead of the one that was first offered. Because everyone has multiple strengths, this shuffling of individuals into other groups is not viewed negatively, especially because the purpose of the grouping has not yet been revealed to the students.
The students move so that they are sitting in groups as listed on the board and work together to select a guild name and motto. The students then discuss the positive contributions that their strengths bring to effective teamwork. Then, so that each individual can recognize the ways in which his or her strengths, if taken too far or used inappropriately, can cause problems for teams, the groups are asked to discuss the negative aspects of the guild. For instance, if someone in the administrator guild is "determined," he or she may drive the others too hard and cause discord in the group.
After the guilds explore their strengths and weaknesses, the whole class reconvenes to discuss the positive and negative contributions of their guild members to effective teamwork. The class examines each guild's perspectives of its roles in team efforts and spends some time talking about the advantages and challenges of working together. Finally, teams are formed with one individual from the administrator guild and the remaining members from each of the other guilds. On the basis of experimenting for 4 yr with larger and smaller team sizes, I settled on having teams with four or five members as being ideal for spreading the work out equally and for buffering personality conflicts.
After introducing themselves to one another and spending time obtaining contact information, the teams are immediately set to work. They select a number from a hat and receive a corresponding folder that contains a story about an individual with the disease that they will be researching for the quarter. References to the identity of the disease have been removed from the story, but students are told that the disease is caused by a single genetic defect. They are asked to work together to devise a hypothesis to explain what cellular structure or process is altered as a result of the mutation. 
The Structuring of Team Efforts
The initial three to four class periods are structured so that the teams must work together to complete specific tasks, such as learning how to do BLAST (Basic Local Alignment Search Tool) searches to identify their gene of interest. As the quarter progresses, direction from the instructor is gradually reduced to the point that the team does all planning for upcoming events. Appendix F provides an example of a structured activity that helps the teams learn how to plan and organize their projects.
Guild Meetings
Teams work together for several class periods, then a short guild meeting is called in which guild members can discuss what is working well in their groups, what problems are arising, and which ways they can effect positive change in their team. Such meetings are more important in the early weeks of the class (i.e., just before and after the first presentation) than later in the class. Teams seem to rapidly settle into a clear understanding and appreciation of each person's role and move forward with the tasks at hand. In addition, students learn to take on multiple roles as their talents and interests allow. Thus, the most important gains provided by the guild exercise may be in forming more "balanced" teams and in helping students realize, appreciate, and respect their teammates' abilities and contributions.
VALUE OF THE PROJECT-BASED CELL BIOLOGY CLASS
More than 60% of all students who enter the University of Washington think that what they will learn in their major will be "extremely important" for their success after leaving college. 1 However, when our students are surveyed 5-10 yr after graduation, only slightly more than 25% of the students find that what they learned in their major is "essential" for their current primary activity. 2 In contrast, the perceived importance of skills such as communication, problem solving, leadership, and working together effectively increases. Not surprisingly, students believe that their university training does a good job "teaching them their major" but not as well in helping them gain the skills that they tell us are important for success after college. The unfortunate conclusion is that we are doing a good job teaching our students things that may not matter much in the long run. The desire to make a longterm difference in students' lives and careers was one factor that motivated our developing a project-based cell biology class.
Project-based cell biology moves the students away from a focus on content to a clearly defined focus on communication, leadership, teamwork, and other skills needed for lifelong success, while modeling how scientists in general, and cell biologists in particular, learn new material. Although many students act as if they have been waiting all their lives to be allowed to tackle a problem creatively, others students are less comfortable with such open-ended activities (Hansen and Stephens, 2000) . As a consequence, my course evaluation scores remain essentially the same whether I teach a traditional lecture-based cell biology course or a completely project-based course. The student-perceived "effectiveness of the instructor" is usually decreased for the project-based course, probably because I am facilitating their independent learning rather than lecturing.
The most common criticism from students in the projectbased course is that they think they did not learn as much as they would have in a lecture-based class. I believe that part of this dissatisfaction is an illusion; students appear to base their perception of the amount that they learned on the number of pages of lecture notes that they accumulate or the number of chapters that they were assigned to read. Student satisfaction with problem-based cell biology increased when I began handing out all the team articles and project papers and asking students to search for connections between their 2 D.E. McGhee, Undergraduate Degree Recipients: Five and Ten Years After Graduation, Item 11, http://www.washington. edu/oea/0006t.pdf, last accessed March 17, 2002. disease, organelle, process, and so forth, and those presented by the other teams (Appendix G). The amount of information we were "covering" became obvious as their notebooks filled with the presentation notes and papers from each team, as well as the entire complement of review and research articles for all the class projects.
An initial concern of many students confronting a projectbased course for the first time stems from the requirement that they work in groups. Some students worry that their grades will suffer or that other team members will not work as hard and they will consequently receive a grade that they do not deserve. The underlying concern appears to be one of fairness. The integrated system of checks and balances (project logs, confidential team member evaluation, etc.) helps assure students that grading will be fair and take into account individual contributions. End-of-quarter evaluations confirm that the students perceive the grading to be fair, which indicates that these initial fears were unfounded. To deal with perceptions that an individual effort would be of higher quality than a group effort, I occasionally allow an individual to turn in a paper that represents his or her exclusive effort. With only one exception thus far, individual efforts are of poorer quality and receive lower grades than those of the corresponding team efforts. Once students see this result, they quickly become converts to the team approach.
In assessing course effectiveness, an initial issue is the student composition in the traditional classes versus that in the project-based class. Because the traditional classes are offered during the academic year and the project-based class is offered in the summer, the two types of classes may serve different populations of students. Comparisons of the summer 2000 class (project based) and the autumn 2000 class (traditional) uncovered two interesting differences: on average, students taking the project-based class had less than half as many transfer credits as those taking the traditional class, and the summer class contained four nonmatriculated students. Nonmatriculated students are rarely included in the academic-year Biology 401 classes because of high demand for the class by matriculated students. Despite these differences, both classes appear to include students with similar academic potential. Direct comparisons of student performance following lecture-based versus project-based courses are difficult or impossible because the two courses have different learning objectives and outcomes. However, one measurement of the effectiveness of project-based learning is evaluation of student performance at the beginning and at the end of the quarter. In the summer 2001 class, the average grade for the first project presentation was a "B" and the average paper grade was a "D." By the second project, the average presentation grade improved to a solid and impressive "A," a gain that was maintained in the final presentation, which also was "A"-quality work. The average paper grade on the second project improved to a "B+" and was an "A" for the third project. The rapidly improving and generally high grades in the project-based class demonstrate the ability of students working in teams to meet and often exceed even very high expectations.
Disease-Oriented Team Projects in Cell Biology Education
Because of the nontraditional focus and format of the project-based cell biology class, one concern is that it may not prepare a student for subsequent traditional biology classes as well as a lecture-based cell biology class does. We do not have access to students' graduate record examinations (GRE) or Medical College Admission Test (MCAT) scores. Consequently, to assess this possibility, we compared the grades of the students taking Biology 401 in summer 2000 (project-based class) with those of the students taking Biology 401 in autumn 2000 (traditional class). The comparison, shown in Table 5 , indicates that students taking the project-based class and those taking the traditional class had similar grades in subsequent biology classes. Thus, taking the project-based class did not adversely affect student performance in subsequent classes.
Perhaps as important as the students' improved performance during the quarter and their overall satisfaction with the course (see Appendix H) is that teaching a project-based class energizes me as a teacher and as an individual. I have learned new skills and approaches by watching how my students interact with one another. For example, one team struggled with an unusual team member, to the point that I offered them the option of essentially "voting the person off the island." The team refused and, through their gentle but persistent efforts, was able to develop strategies for interacting with the recalcitrant individual, which enabled this person to contribute in substantial and novel ways to the team's efforts. Seeing such dedication in my students inspires me to greater efforts to teach all my classes in a way that is inclusive and more understanding of different learning styles, personalities, perspectives, strengths, and weaknesses.
Some of my students have been incredibly creative in ways that I would never have had the opportunity to see if I had not relinquished "control" of the class. For example, one team got in touch with a local epidermolysis bullosa (EB) support group and became acquainted with a young man who had this disease. They invited this young man to talk to the class about what it was like to live with EB. I have rarely seen a class as engaged, actually riveted, as when this young man talked about the traumas of being ridiculed when he was in elementary and high school for having to sit out of physical education classes or wear shoes several sizes too large. This engagement translates itself into a wonderful and welcome benefit: I have never heard a single student in my class ask, "Do I need to know this?" or "Is this going to be on the exam?" Life is the exam, and my students tell me that their experiences in our project-based class help prepare them for future academic and personal challenges. 
ONLINE RESOURCES FOR INFORMATION ABOUT HUMAN DISEASES
III. Course Goals
The major goals of this class are to help you learn to:
• Ask questions about cell structure and function • Understand how these questions can be addressed using modern research tools in cell biology • Gain insight into the relevance of cell biological research to modern biology and medical science These goals will be accomplished through completion of four team projects centered on discovering, understanding, and presenting the cellular and molecular biology of a human genetic disease. By the end of the quarter, you will be reading primary research papers and be able to explain the hypothesis, experimental approaches, methodology, controls, results, and shortcomings of the particular research.
IV. Course Philosophy
General: This course is designed to serve as a transition from lecture-based learning to inquiry-based learning, forming a bridge from your undergraduate classes to postgraduate or professional education. Most, if not all, courses that you have taken so far are designed to provide you with a survey of information about a particular topic. Instead, this course will help you learn to think like a scientist. Consequently, instead of sitting through lectures, you will work in a team to solve problems and give presentations to the rest of the class. Thus, you will be directly responsible in large part for the success or failure of the course. This responsibility means that you will probably need to work harder to be successful in this class than you have done in more traditional courses. We estimate that you will need to spend 10-15 hours per week studying outside of class time.
Cooperative learning: Throughout the course, you will be required to work in teams in order to complete several projects or to formulate presentations for class. Much of the lecture time will be spent working in these teams or presenting projects.
Instructors' responsibility:
In this course, our job is to serve as expert learners who can help direct your explorations into the inner secrets of cells. Because the field of cell biology is so immense, we will be there to help keep you grounded and to point out the forest among the trees when you are in danger of getting lost in the details. We will offer suggestions, advice, and exhortation to help you achieve the maximum possible from this course. We will arrange for you to come to our lab or those of colleagues to see the techniques you need to understand for your presentation. We are partners with you in your learning-eager to help you find, evaluate, and use information or other resources that you need.
V. Logistics
The class is divided broadly into four major sections, each punctuated by a presentation in which your team shares what it has learned with the rest of the class and prepares a paper describing those results. The sections are:
1. What is the structure and function of the cellular organelle or process in which this gene product works? 2. What is the cellular and molecular biology of the disease caused by defects in this gene product? 3. What experimental approaches are scientists taking to understand, treat, and/or cure this disease? 4. Poster Presentation (summarizes all of the work you did).
In addition, the final week will be spent working on an individual miniproject or take-home exam that you will prepare on your own.
VI. Evaluation & Grades
For this class, your grade will reflect the quality of your team's projects (both the in-class presentation and the report), and your contribution to the projects.
Projects: Every project must involve the efforts of every team member. On written reports, each member must contribute a portion of the paper and each member must proofread and edit all of the contributions of the other members. The final report must be signed by each team member to confirm that each person has had input into and approves the final version of the report. In addition, the report will specifically describe each member's contributions. Finally, the report must include a project log that includes the times the team met, who was present, and a brief description of what was accomplished.
We will give a grade for the team report that reflects both the presentation and the written report. A checklist for each project will be provided, so you will know in advance what my expectations are for that project. In addition, each student in the team will secretly evaluate the contributions and participation of the other members of the team.
Thus, your final grade on the project will reflect my evaluation of your performance as a team as well as the evaluation of your individual participation by your peers. You will get plenty of feedback to make sure that you can improve your reports and projects over the course of the quarter. See the end of the syllabus for examples.
VII. Grading Policies
The specific grading policies will be established in collaboration with the class. One possibility is shown below: 
Disease-Oriented Team Projects in Cell Biology Education
There is no curve in this class. Your grade is the grade you earn, regardless of the performance of your classmates. This means that collaborative efforts should pay off for everyone. The following grade scale will be used: 
Grading Standards
IX. Sample Feedback for Team Project
After your presentation and paper have been completed, I will give you the checklist on which I wrote comments during your presentation, together with comments such as those shown below. The checklist will have the number of points your team earned for this project. Slides were well designed and attractive. Unique approach ("kiss of death, chamber of doom") makes presentation interesting. You handled the history of discovery of ubiquitin very well. Did a nice job in describing how proteins get ubiquitinated. Your whole team fielded questions well. You needed to include more information on cell cycle (how cyclins work) and on ubiquitin-related diseases; switch slides 6 and 7; heat shock = stress response; slide 11: don't use abbreviation without defining (HPD?); not clear what "highly conserved" means-what 3 changes occur (amino acids, nucleotides, etc.)?
Suggestions: Keep up good work-you knew the material, but needed to fill in a few more details to really do justice to the process. For example, stating the differences between mono-and polyubiquitination earlier would have helped set the stage. The sperm stuff was interesting, but in interest of time, you probably should have talked more about diseases associated in general with ubiquitin. You MUST have references to your photos and diagrams.
Paper Grade: 38 On the basis of this paper, I think you know the topic pretty well-but I'm not sure that your audience (your classmates) will really understand it in sufficient detail just on the basis of what you wrote. There are several areas that would benefit from more careful organization (grouping all the enzymology together, for example). Adding more information in several places would also help. In its current form, it is only "C"-quality work. But you can rewrite it for a new grade if you want, after you get feedback from the rest of the class. Note my suggestions onthe paper itself.
Suggestions: Before you begin editing, sit down and read the entire paper together, discussing my recommendations and those you'll get from your classmates. Then make appropriate changes and corrections and additions. You should able to bring this grade up considerably by including more information and doing some considerable editing. If you have any questions, schedule a 30-minute block of time for the whole group to talk to me.
X. Sample Feedback for Individuals
In addition to the grading for the overall project, each person will receive an evaluation that reflects comments from the team. These comments will be typed by me and are anonymous. The idea is to give you a venue for making helpful comments to your team without hurting feelings or potentially damaging any working relationship. Here is an example of such an evaluation:
Individual 1 Your team really appreciates the time you spent going to the bookstore to buy the poster board. In addition, they are amazed at the amount of information you know concerning the immune system. It is clear that they value your contributions. However, there is some concern that your family problems forced you to miss several meetings. They understand it was unavoidable, but it did make things difficult for the rest of the team to make up the work. You may want to consider ways to still participate fully in the activities even when you couldn't meet with the team because your daughter was ill.
Full credit for participation
Individual 2 Your group recognizes and appreciates your hard work on the project. They also like your attention to detail. They are really impressed with the number of articles you read and the amount of research you did. However, your impact would be even greater if you were able to work on communicating more effectively with others. The group is a little afraid of you-even though you don't raise your voice, they think that you are angry and upset at them and that you don't appreciate their input. Apparently they feel that your editing job did not retain their contributions. You'll need to work hard on communication skills if the team is going to work well and be able to build upon the strengths of all of the members. Asking for more input and suggestions from the others would a good place to start. In what types of cells would this organelle or process be present?
Organelle Structure Give enough information so that a student in the class could identify this organelle if shown an unlabeled diagram or a micrograph (see me if your disease affects a process and not a particular organelle).
Describe the general features of the organelle.
Describe where the organelle is found within the cell.
Are there considerable variations in the number or the structure of this organelle in different cell types?
Organelle Function
Give sufficient information so that the class can appreciate the role of the organelle or the process in cells.
What are the basic functions that this organelle or process carries out?
Why do cells need this organelle or process?
What other organelles contribute to the function of this organelle?
What kinds of problems might defects in this organelle or process cause the cell? Summary Summarize in a sentence or two the organelle's structure and function.
Summary
Above and Beyond: exceptional presentations
Was any novel approach or interesting anecdote given that would help the audience remember this subject?
Overheads/Demos, etc. Make sure that the overheads (or slides) are easy to read-don't put too much information on them.
Were overheads legible and easy to follow?
Was the main topic clearly stated on the overhead? Were the roles of each group member described?
Did each group member sign the completed paper?
Was the report divided into appropriate sections?
Was the report well written?
Was the writing clear and to the point?
Was jargon avoided?
Were topic sentences clearly present in each paragraph?
Did each sentence relate to the prior sentence and look forward to the next (i.e., was the flow of the writing appropriate?)?
Did the report include all references?
Was the discussion log properly maintained? (Reports without a log will not be graded.)
Did each member of the group turn in evaluations of group participation? (Grades will not be given until these evaluations are received.)
Above & Beyond
Did anything make this report stand out from others?
Describe below and rate to right:
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Cell Structure/Function Presentation Checklist Presentation and Papers on Tuesday, July 3, 2001, 8:30-10:40 Paper
Question
Answer Check
When is it due?
The completed paper is due at the beginning of class. I need BOTH a hard copy and a floppy (or CD or Zip).
How long can it be? Paper should be ABOUT 2 pages long, single spaced, 12-point font, 1 inch margins. It CAN be longer if necessary-I will read everything you turn in and count it for your grade. The references and any figures do not count in the page total.
What is the format? The paper should be divided into clearly marked sections, corresponding to the evaluation checklist and to the parts of your talk. You can modify the checklist to reflect your particular organization or topics.
How do I indicate who wrote which parts?
The paper must include information about who wrote which sections. You can put the name of the author in parentheses after the heading. How do we document that the paper represents joint work?
The paper must be signed by all members of the group, stating "We have read the entire paper and had an opportunity to make editing suggestions for all parts." Evals When are my team member evaluations due?
You MUST TURN IN your team member evaluations together with your paper at the beginning of class on July 3. If these evals are not included, your team paper will lose 5 points for each day any evaluation is missing.
Presentation
How long do we have for our presentation? 10 minutes. You will have a warning at 8 minutes, then have 2 minutes to finish up. After 10 minutes, you will have to stop talking. After the talk, you will have 5 minutes for questions.
How can I get overheads made for my presentation?
If you need us to make overheads for you, you must bring the originals BY 5:00 on MONDAY, July 2, 2001. Bring them to Wendy Rockhill in . If you need COLOR overheads, you must bring the file on a disk. I will bring pens if you need to use them to write on the overhead.
How can I have my handouts copied?
You can make 35 copies of your handouts to bring with you on Tuesday. Alternately, we will make copies for you IF YOU BRING THE ORIGINALS BY 5:00 on MONDAY, July 2, 2001, to Wendy Rockhill in 248 Kincaid Hall (616-3383) .
What are we doing about PowerPoint presentations?
You are safest to stick with fonts such as Times, Arial (Geneva), or Symbol. If you use an unusual font, please embed the font in your presentation. You can do this by using the "Save as" function and checking "Embed font." Getting to the "Embed font" command varies depending on the version of PowerPoint you are using. Were all terms clearly defined?
S8 Cell Biology Education
Is it clear that the presenters understand the symptoms?
General Cell Biology of Disease What organelle(s) and processes are affected and why does that defect lead to the disease?
What cellular structure or organelle (process) is defective in patients with this disease?
Briefly review the function of the organelle.
Why do defects in that organelle lead to the disease?
What kinds of variations in symptoms exist? What is the basis for that variation?
Specific Gene Information How is the particular gene you are analyzing related to this disease?
How was this gene identified?
What does the gene product do?
What mutations in this gene are associated with the disease? How is the disease inherited?
Is the gene present in nonhumans? If so, does it perform the same function as in humans?
Are there any model organisms for the disease? What do they reveal about the disease?
Above and Beyond: Exceptional presentations
S10 Cell Biology Education
Overheads/Demos, etc.
Was the main topic clearly stated on the overhead?
Were lists of definitions provided?
Reports/Handouts: Cell Biology of Human Disease
General
Were the roles of each group member described?
Was jargon avoided? Were all terms defined?
Was the report forward looking (i.e., were problems that remain, challenges for future researchers, etc., pointed out?)?
Above & Beyond Did anything make this report stand out from others?
Describe below and rate to right: Were the group members introduced and their roles in the presentation given?
How well was the information placed in context of general biology and/or health, economy, etc.?
Was the "take-home" message clearly given?
Why was the experiment done? Why was this project chosen?
How was the experiment done? How was the project done (BASIC information)?
What did the experiment show? What did you learn in your studies?
Was it clear how the remainder of the talk would progress (can be outline or just stated)?
Methods
Explain in sufficient detail how experiment was carried out.
Were the methods used clearly described?
Were the reagents described?
Were all terms defined?
Is it clear that the presenters understand the techniques?
Results
Recount what you learned during your analysis of the paper.
Was the information provided in small, logical steps?
Were the controls pointed out?
Was the result of each experiment summarized? S14 Cell Biology Education Was the report forward looking (i.e., were problems that remain, challenges for future researchers, etc., pointed out?)?
S16 Cell Biology Education
Current Research Presentation Checklist Presentation and Papers on Wednesday, August 8-Thursday, August 9
Question
Answer Check When is it due? The completed paper is due at the beginning of class on Wednesday. I need BOTH a hard copy and a floppy (or CD or Zip).
How long it can be? Paper should be ABOUT 5 pages long, single spaced, 12-point font, 1-inch margins. It CAN be longer if necessary-I will read everything you turn in and count it for your grade. The references and any figures do not count in the page total.
The paper must be signed by all members of the group, stating, "W e have read the entire paper and had an opportunity to make editing suggestions for all parts."
When are my team member evaluations due?
You MUST TURN IN your team member evaluations together with your paper at the beginning of class on August 8. If these evals are not included, your team paper will lose 5 points for each day any evaluation is missing.
What do we do with our project log?
You MUST TURN IN your project log, along with your paper. The log should be a detailed journal of all the team activities-I should be able to tell exactly what went on,who was late, who left early, etc.
How long do we have for our presentation? 20 minutes. You will have a warning at 18 minutes, then have 2 minutes to finish up. After 20 minutes, you will have to stop talking. After the talk, you will have 5 minutes for questions. 
